Eco-efficiency considers both environmental impacts and economic values. It is a useful tool for communicating with stakeholders for business decision making. This study evaluated the eco-efficiency factor (EEF) for the energy network of a dyeing company that supplies surplus heat to a neighboring apartment during the night. This symbiosis network is one of the eco-industrial park (EIP) projects in Korea and aims to benefit local residents and the industrial complex by utilizing surplus heat. In this study, two categories were annualized. The first quantified environmental burden based on CO2 emissions and quantified product value in terms of steam sales. The second used a variety of environmental factors, such as fossil fuel, water and waste, to quantify environmental burden and used steam sales to quantify value. The EEF of the symbiosis network was 1.6, using the global warming impact, and determined using the multiple variable, was 1.33. This study shows that the EEF depends on variable details of environmental burden but the values of this project were very high contrast to other business or EIP project.
Introduction
The lifestyle we enjoy in the twentieth century, thanks to mass production, mass consumption and mass disposal, has placed a heavy impact on the environment, which has resulted in a variety of critically dangerous circumstances, such as global warming, waste problems, water quality deterioration and the presence of harmful chemical substances. We should be considerate of not only economic benefits but also of environmental impacts of sustainable development. To evaluate the effect of production and environmental burden, the term eco-efficiency, the synthetic word of eco (ecology and economy) and * Corresponding author : Ji-Won Kim, Institute for Environmental Technology and Industry, Busan 609-735, Korea Phone: +82-51-510-2496 E-mail: envjjang@nate.com efficiency, was officially adopted at the earth summit in Rio de Janeiro, Brazil in 1992. Most commonly, eco-efficiency is defined as the ratio between the value added by and the environmental impact of a company's operational processes (Schaltegger and Sturm, 1992; Helminen, 2000) . It is defined as a combination of economic and environmental (ecological) efficiencies expressed by the ratio:
(1)
The eco-efficiency indicator is used by companies as a decision tool to measure the increasing performance of a product and the decreasing environmental impact.
It is a useful tool for monitoring sustainable development; for example, if the environmental impact is reduced by 50% and the economic production increases by a factor of 2, then the eco-efficiency becomes 4 times greater. In general, increasing the capacity or value added of production causes more environmental pollution. Therefore, strategies for sustainability need to be investigated. In the agricultural sector, the EE has been applied to evaluate several different environmental business strategies (Reith, 2001; Charles, 2003) . To maximize EE, we should maximize the economic value (i.e., output variables) and minimize the environmental impact (i.e., input variables). Generally, interviews (Charles, 2003) or surveys (Charles, 2003) are used to help select the input and output variables. Then these variables can be qualitatively ranked and/or combined into overall eco-efficiency metrics (Charles, 2003) .
Studies on power plants included input variables,
such as capacity, labor, total costs, and GHG emissions, as well as output variables, such as sales revenue, generation, trading, and sales (Korhonen and Luptacik, 2004; Kim and Jo, 2000; Shim, 2010) .
Most EEF values presented in those studies were less than 1. However, in the Yeosu industrial park, the industrial ecology indicator (IEI) for 2006 was 0.954, which was worse than the 2004 IEI, but the IEI is expected to be 1.153 by 2015 (a 15% improvement) if the current eco-industrial park (EIP) project is successfully performed . In another study, the global warming EE and the eutrophication EE were used as input variables, and a life cycle assessment (LCA) tool was applied (Kim et al., 2008) . Often, eco-efficiency indicators are expressed in two different and recommended ways (WBCSD, 2000; Muller and Sturm, 2001) . The WBCSD proposes net sales and quantity of production, whereas Muller and Sturm only acknowledge value added and net value added, as developed in their manual (Sturm et al., 2002) . For the eco-efficiency concept to be effective, standardized cross-cutting indicators, such as eco-efficiency, are needed (Erkko et al., 2005) . Some of the GRI Guidelines include eco-efficiency as a cross-cutting indicator (sustainability, 2002) In this research, an eco-efficiency evaluation tool was applied to assess the sustainability of an ecoindustrial park. To evaluate the overall eco-efficiency of the EIP, various methods were studied. For controlling enterprise access to an EIP, the reasonability and validity of indicators and the effectiveness of the established method of evaluation merit further study (Li Zhu, 2010) . In addition, two indices, ecoconnectance and the byproduct and waste recycling rate of selected EIPs, were analyzed with the aid of biological theories, and corresponding measures are put forward for planning EIPs in the future (Dai Tiejun, 2010) . Another method links economic and ecological systems together, depicts the methodology of emergy analysis at the industrial park level and provides a contribution of ecological products and services as well as the load carrying capacity of economic and industrial development (Yong Geng, 2010) .
In this industrial symbiosis, a single eco-efficiency environmental impact variable was chosen, GWP.
We also evaluated multiple variables, such as air, analyzed by emergy (Lingmei, 2006) . In this study, we investigate the EEF of a district heating business that supplies surplus heat from a dyeing industry CHP plant to an apartment building during the night. This is one of the eco-industrial park projects in Busan, Korea. If this project succeeds, then the apartment will no longer use fossil fuel. In addition, the CHP plant will gain benefits from the use of surplus steam during the night and during the day.
The resulting eco-efficiency was expected to be greater than 1 when we compared each side's EE and the EE of the combined network. We also calculated how many environmental impact variables affected the product values, such as the sales of steam and the generation of electricity.
Methodology

Eco-efficiency factor
The eco-efficiency indicator evaluates the overall environment behavior and economics of a product and was developed to be implemented with many different inputs and output variables according to different product characteristics. This tool can be utilized as an indicator of the green growth policy to minimize the environmental impact based on efficiency and intensity of resource utilization. If the process for making a product has multiple inputs and outputs, then the calculation of aggregate input and output, by applying weighting factors, is needed. The equation of EE is expressed by the following ratio :
(2)
where EE: eco-efficiency A vector value should be calculated because multiple variables for economic value and environmental impact should be considered. Economic performance is sometimes based on the notion of opportunity costs (Tobias, 2010) , but in this case, we considered energy (calories) and, product sales. The economic value can also be based on a functioning vector of goods (company) that is combined using functioning rates and weighting factors. Likewise, the environmental impact vector includes the environmental impact rate and weight factor. In this case, the functioning and environmental rates are the ratio of the comparison value at the point of each basis and the variable that was applied equally without the weighting factor.
(3) (4)
Industrial symbioses
A community of companies can generate significant sustainable development benefits (Lowe and Geng, 2003 Therefore, this industrial symbiosis, surplus steam going from the CHP to the apartment during the night, was adopted in the Busan eco-industrial park project in 2011.
The heat balance between households and the CHP plant
The households use LNG and most of their energy during the winter (Fig.1) . The surplus steam in the BFCIC can supply a minimum of 33% of the apartment energy needs during the winter by supplying steam to the existing, central heating system (Fig. 1 
Additional energy supply for the complete network
During winter nights, the deficient steam to the households will be supplied by coal and RPF combustion at the CHP plant. The LNG boiler will be operated year-round during the day because the surplus steam is not transferred to the apartment during the day (Fig.3) . Therefore, carbon dioxide emissions are increased with these fossil fuels for in the district heating configuration, even if it is lower than before this EIP project began (Fig.4) . 
Results and Discussion
The global warming eco-efficiency factor
This EIP network promotes additional steam sales (to the apartment building as well as to the dyeing companies), which has an economic benefit for the company. However, the EIP also creates an additional environmental burden in terms of CO2 (Tables 1-2 ).
The efficiency considerations play an important role in evaluating corporate carbon performance (Hoffmann and Busch, 2008) . To calculate CO2 emissions, various fossil fuels that are used in the CHP plant, such as coal, kerosene, RPF and LNG, were considered as input variables before the project. Coal for the winter nights and LNG for year round daytime use were considered as input variables after the project. To obtain the EE of the CHP plant, the economic benefit (based on calories) was as selected steam sales, and CO2 was used to assess the environmental burden. Table 4 . The eco-efficiency factor based on applying multiple variables for the company apartments, the heating cost reduction is an economic benefit. It is fixed to the denominator, meaning that it represents energy savings through the efficient heating system. Therefore, the apartment building has no CO2 emissions when using steam directly instead of LNG; this reduces fossil fuel burning in additional to saving energy.
]
The eco-efficiency factor using multiple variables
This industrial symbiosis is related not only to fossil fuels but also to other resources, polluted emissions and economic values. Therefore, the economic electricity benefit as well as the CHP steam can be considered and the environmental burden can be evaluated using industrial water for the steam, wastewater and waste treatment. burden, which was decreased by 0.73, and the economic benefit was increased at the both side, company and apartment. Therefore, the EEF of the symbiosis network was increased by 1.6( Table 6 ).
And the EEF including multiple variables was 1.33 (Table 7) . These values are also very high compared to general power plant developments (Shim, 2010) and another eco-industrial park project in Korea . 
Conclusion
This study applied the eco-efficiency tool to better 
